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Water-borne diseases have been estimated to cause more than two million deaths and four bil-
lion cases of diarrhea annually. Water-borne pathogenic organisms include bacteria, protozoa,
and viruses. Heavy metal contamination of water is also a potential threat to human health.
This study aimed to detect contamination of potable water with protozoal and bacterial patho-
gens as well as heavy metals in Gharbiya governorate in the middle of the Nile Delta, Egypt.
Therefore, this study was conducted on water samples from 3 different localities in Gharbiya
governorate throughout the year 2014. Water samples (108) were collected from source, plant
and tap water at the four seasons. Parasitological, bacteriological, and toxicological evaluation
was carried out for all samples. Parasitological evaluation was done to detect protozoal contam-
ination by conventional diagnostic staining techniques, immunofluorescence assay, and flow
cytometry. The study identified the protozoal contaminants in water, and showed that flow
cytometry positive results were more than the conventional staining. Also, the study identified
bacterial fecal contamination of source water as well as heavy metal pollution in source water.
Since the integration of flow cytometry could facilitate detection of Giardia cysts and
Cryptosporidium oocysts in water samples, we strongly recommend its use as a routine for
the detection of these pathogenic protozoa. Finally, Ongoing evaluation of drinking water is
needed as well as formulation and implementation of an integrated plan to limit the contami-
nation by pathogens and heavy metals.
 2015 Production and hosting by Elsevier B.V. on behalf of Cairo University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Water-borne diseases have been estimated to cause more than
two million deaths and four billion cases of diarrhea annually
[1]. Infectious diarrhea is responsible for the greatest burden of
this morbidity and mortality, and children less than five years
of age are the most severely affected populations [1]. Water-
borne pathogenic organisms include bacteria, protozoa, and
viruses. The most common water-borne bacterial diseases are
typhoid fever, bacillary dysentery, salmonellosis, Escherichia
coli infection, campylobacteriosis, botulism, cholera, Legion-
naire’s disease, leptospirosis, and others [2].
Protozoal diseases, including amoebiasis, giardiasis,
cyclosporiasis and cryptosporidiosis are the most common dis-
eases that are related to contaminated water. Microsporidiosis
is also incriminated, but clinical cases are not common. It
mostly affects the immunocompromised individuals as an
opportunistic infection [3]. Other parasitic infections, including
schistosomiasis, fasciolopsiasis, hymenolepiasis, hydatid dis-
ease, ascariasis, enterobiasis, visceral larva migrans, were also
reported [4].
At least 325 water-associated outbreaks of parasitic proto-
zoan disease have been reported worldwide caused by Giardia
lamblia, Cryptosporidium parvum, Entamoeba histolytica,
Cyclospora cayetanensis, Toxoplasma gondii, Isospora belli,
Blastocystis hominis, Balantidium coli, microsporidia, Acan-
thamoeba, and Naegleria fowleri [5].
Unsafe water, and poor sanitation and hygiene have been
reported to rank the third among the 20 leading risk factors
for health burden in developing countries, including Egypt.
Water represents an important route of transmission for human
infections in both developed and developing countries as drink-
ing water may not provide the ideal microbiological quality that
allows the presence of many parasites. Among the most impor-
tant causes of water-borne outbreaks worldwide are protozoan
parasites namelyCryptosporidium spp. andGiardia spp. In 2004,
both of them were included in the WHONeglected Disease Ini-
tiative as they cause diseases that are directly related to low
socioeconomic environment and poverty [6].
Most routine diagnostic methods reported that the number
of water-borne disease outbreaks (WBDOs) probably repre-
sents only a small part of the entire number that actually
occurs. Decreased supervision, surveillance and limited avail-
ability of appropriate diagnostic techniques have slowed down
public health efforts to prevent and control water-borne out-
breaks [1].
Heavy metals are natural components of the Earth’s crust
that cannot be degraded or destroyed. To a small extent they
enter our bodies via food, drinking water, and air. As trace ele-
ments, some heavy metals (e.g. copper, selenium, zinc) are
essential to maintain the metabolism of the human body.
However, at higher concentrations they can lead to poisoning.
Heavy metal poisoning could result, for instance, from
drinking-water contamination (e.g. lead pipes), high ambient
air concentrations near emission sources, or intake via the food
chain [7,8].
Heavy metals are dangerous because they tend to bioaccu-
mulate. Bioaccumulation means an increase in the concentra-
tion of a chemical in a biological organism over time,compared to the chemical’s concentration in the environment.
Compounds accumulate in living systems any time they are
taken up and stored faster than they are broken down
(metabolized) or excreted. Heavy metals can enter a water
supply by industrial and consumer waste. Severe effects
include reduced growth and development, cancer, organ dam-
age (liver and kidney), nervous system damage, and in
extreme cases, death. The young are more prone to the toxic
effects of heavy metals, as the rapidly developing body sys-
tems in the fetus, infants and young children are far more
sensitive [9,10].
Therefore, water pollution is a major global problem which
requires ongoing evaluation and revision of water resource
policy at all levels. Potable water in the Gharbiya governorate
in the middle of the Nile Delta undergoes purification process,
mostly in public plants to ensure safety for consumers. The
high prevalence of parasites in our community and the increas-
ing industrial activities in the Middle Delta region stimulated
us to carry out this environmental research. This study aimed
to detect contamination of potable water with protozoal and
bacterial pathogens as well as heavy metals in Gharbiya
governorate in the Middle Delta, Egypt.
Material and methods
Sampling technique
Water samples (n= 27) were collected from 3 cities in the mid-
dle Nile Delta region, namely Tanta, Mahalla Al-Kobra and
Kafr Al-Zayat (9 samples from each city all over three months
representing each season) to give a total of 108 samples for the
whole year. The 9 samples from each city were divided as fol-
lows: 3 samples from source water (one sample each month); 3
samples from water plants (one sample each month); and 3
samples from tap water (one sample each month).
Water samples were collected in one liter plastic containers.
Place and date were labeled on the container. For negative
control, boiled distilled water was used.
Filtration of samples
Samples (one liter each) were filtered by stainless steel filtration
unit with a pump according to the recommendations of the
manufacturer through a membrane filters <3 lm and then
the membrane filter will be eluted with 50 ml phosphate buf-
fered saline in 50 ml sized centrifugation tube. Each elute will
be concentrated by centrifugation at 6000g for 10 min, and the
recovered sediments were preserved in potassium dichromate
(2.5%) [11], and then divided into aliquots of 3 parts. The first
part was for staining techniques and flow cytometry, the sec-
ond was for bacteriological examination, and the third was
for heavy metal assessment.
Parasitological study
Direct examination
Preliminary examination was carried out using direct smear.
Direct smears were prepared as follows: a drop of water was
Water pollution in middle Delta, Egypt 783examined under the light microscope using 10, 40, and
100 objective lenses.
Sample staining
Each sample was stained by trypan blue, modified Zeihl-
Neelsen, and Lugol’s iodine [12].
Immunofluorescence assay [13]
Specific kit (A100DFK.Aqua-GloTM G/C Direct, Dual Fluo-
rochrome (FL/Cy3), Comprehensive Kit Fluorescein and
Cy3-labeled Monoclonal Antibody Reagent) was used for
simultaneous direct immunofluorescence detection of Giardia
cysts and Cryptosporidium oocysts in water samples. Aqua-
GloTM G/C is EPA-approved for use in Methods 1622 and
1623 (Environmental Protection Agency, 2012). Before hand,
4’,6-diamidino-2-phenylindole (DAPI) staining was done to
assess viability of parasites.
Counting of parasites
Stained smears were examined using 40 objectives. Three to
five fields were examined and (oo)cysts were counted in each
field. The intensity of infection was equal to the mean number
of (oo)cysts/H.P.F. According to provisional observations, we
arbitrarily used the following score for determination of the
intensity of infection as follows: mild: 1–10 (oo)cysts/H.P.F.;
moderate: 11–20 (oo)cysts/H.P.F.; severe: more than 20 (oo)-
cysts/H.P.F.
Flow cytometry [13]
For determination of parasite load of Giardia cysts and Cryp-
tosporidium oocysts in water, samples were detected by mono-
clonal antibodies specific for Cryptosporidium and Giardia
conjugated with different fluorochromes using A100DFK.
Aqua-GloTM G/C Direct, Dual Fluorochrome (FL/Cy3), Com-
prehensive Kit. Samples were analyzed in a FACS Calibur flow
cytometer (Becton Dickinson).
Bacteriological study
The time between sample collection and analysis did not, in
general, exceed 6 h, and 24 h was considered the absolute max-
imum. Samples were immediately placed in a lightproof insu-
lated box containing melting ice or ice-packs with water to
ensure rapid cooling. If ice is not available, the transportation
time did not exceed 2 h.
Samples were transferred to a suitable selective culture
medium such as tryptone water, 0.1% peptone salt solution,
triple sugar nutrient, MacConkey’s, sabouraud, urea, Sim-
mons citrate, SS agar, mannitol salt and XLD media in Petri
dishes which are transferred to an incubator at 37 C and incu-
bated for a suitable time to allow the replication of organisms.
Visually identifiable colonies are formed and counted, and the
results are expressed in numbers of ‘‘colony forming units”
(CFU) per 100 mL of original sample. The bacterial count is
determined simply by counting the number of colonies with
the results reported in counts per 100 mL [14].
This technique was inappropriate for waters with a level of
turbidity that would cause the filter to become blocked before
an adequate volume of water had passed through. When it isnecessary to process low sample volumes (less than 10 mL),
an adequate volume of sterile diluent was used to disperse
the sample before filtration and ensure that it passes evenly
across the entire surface of the membrane filter.
Toxicological analysis
Water levels of lead, cadmium, mercury, and arsenic were mea-
sured by inductively coupled plasma optical emission spec-
trometry (ICP-OES Optima 2X00/7000 Series DV,
PerkinElmer, and Waltham, Massachusetts, USA).
A portion of the water sample (100 mL) was filtered using a
Whatman paper and digested with 5 mL of concentrated
HNO3, until complete digestion was obtained. For the differ-
ent element0s determination, standards of known concentra-
tion were prepared for each element, followed by calibration
of the wave length plasma position, gas flux and sensibility
for each element. Results were expressed as mg/L [1,7].
Statistical analysis of data
Statistical presentation and analysis of the present study were
conducted, using chi-square test by Statistical Package of
Social Sciences (SPSS Inc., Chicago, Illinois, USA) software
for windows, version 10.0. Differences were considered
significant when P-value was <0.05.Results
Findings of the parasitological study
Concerning detection of Giardia cysts and Cryptosporidium
oocysts by using conventional methods (iodine stain and mod-
ified Zeihl-Nelseen, respectively), it was noticed that summer
and spring seasons had higher positive cases than winter and
autumn for both protozoa and the difference was statistically
significant (P= 0.007 and 0.000, respectively). It was also
noticed that Kafr Al-Zayat had more positive samples for both
protozoa than Tanta and Mahalla Al-Kobra and the differ-
ence was statistically significant (P= 0.000 and 0.004, respec-
tively). The most contaminated sampling points were (the
source samples) for both protozoa as expected, but some of
both plant and tap samples were also infected by both proto-
zoa. The difference was statistically significant (P= 0.000
and 0.000, respectively) (Table 1).
As regards the distribution of intensity of positive samples
examined for Giardia and Cryptosporidium in relation to sea-
son, geographic area, and sampling point, it was noticed that
the samples of severe intensity were present mainly in summer,
Kafr Al-Zayat and Tanta, and in source water sampling points
only as shown in Table 2.
Regarding the assessment of viability of both Giardia cysts
and Cryptosporidium oocysts by using conventional trypan
blue stain and DAPI stain, it was noticed that viability was
more in summer and spring than in winter and autumn using
both techniques for both protozoa, and the difference between
seasons was statistically significant (P< 0.05). It was also
noticed that DAPI stain detected more viable samples than
conventional trypan blue stain for both Giardia cysts and
Cryptosporidium oocysts as shown in Table 3 and Fig. 1.
Table 1 Detection of Giardia cysts and Cryptosporidium oocysts by using conventional methods (iodine stain and modified Zeihl-Nelseen, respectively) in different seasons, geographic
areas and sampling points.
Variables Samples examined for Giardia cysts (n= 108) v2 Samples examined for Cryptosporidium oocysts (n= 108) v2
Positive n= 43 (39.8%) Negative n= 65 (60.2%) P Positive n= 52 (48.2%) Negative n= 56 (51.8%) P
No. % No. % No. % No. %
Season: (27 samples per season)
Winter 5 4.6 22 20.4 12.172
0.007*
5 4.6 22 20.4 20.473
0.000*Spring 14 13.0 13 12.0 17 15.7 10 9.3
Summer 16 14.8 11 10.2 20 18.5 7 6.5
Autumn 8 7.4 19 17.6 10 9.3 17 15.7
Geographic area: (36 per area)
Tanta 15 13.9 21 19.4 18.857
0.000*
16 14.8 20 18.5 11.201
0.004*Mahalla Al-Kobra 5 4.6 31 28.7 11 10.2 25 23.1
Kafr Al-Zayat 23 21.3 13 12.1 25 23.2 11 10.2
Sampling point: (36 per point)
Source 30 27.8 6 5.6 43.200
0.000*
28 25.9 8 7.4 19.879
0.000*Plant 5 4.6 31 28.7 10 9.3 26 24.1
Tap 8 7.4 28 25.9 14 13.0 22 20.3
* Significant (P< 0.05).
Table 2 Distribution of intensity of infection detected in positive samples examined for Giardia and Cryptosporidium in relation to season, geographic area and sampling point.
Variables Positive samples examined for Giardia cysts (n= 43) Positive samples examined for Cryptosporidium oocysts (n= 52)
Mild (n= 36) Moderate (n= 5) Severe (n= 2) Total (n= 43) Mild (n= 43) Moderate (n= 6) Severe (n= 3) Total (n= 52)
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Season: (27 samples per season)
Winter 5 (13.9) 0 (0.0) 0 (0.0) 5 (11.6) 5 (11.6) 0 (0.0) 0 (0.0) 5 (9.6)
Spring 13 (36.1) 1 (20.0) 0 (0.0) 14 (32.6) 15 (34.9) 2 (33.3) 0 (0.0) 17 (32.7)
Summer 10 (27.8) 4 (80.0) 2 (100.0) 16 (37.2) 13 (30.2) 4 (66.7) 3 (100.0) 20 (38.5)
Autumn 8 (22.2) 0 (0.0) 0 (0.0) 8 (18.6) 10 (23.3) 0 (0.0) 0 (0.0) 10 (19.2)
Geographic area: (36 samples per area)
Tanta 14 (38.9) 1 (20.0) 0 (0.0) 15 (34.9) 12 (27.9) 3 (50.0) 1 (33.3) 16 (30.8)
Mahalla Al-Kobra 5 (31.9) 0 (0.0) 0 (0.0) 5 (11.6) 11 (25.6) 0 (0.0) 0 (0.0) 11 (21.1)
Kafr Al-Zayat 17 (47.2) 4 (80.0) 2 (100.0) 23 (53.5) 20 (46.5) 3 (50.0) 2 (66.7) 25 (48.1)
Sampling point: (36 samples per point)
Source 23 (63.9) 5 (100.0) 2 (100.0) 30 (69.8) 19 (44.2) 6 (100.0) 3 (100.0) 28 (53.9)
Plant 5 (13.9) 0 (0.0) 0 (0.0) 5 (11.6) 10 (23.3) 0 (0.0) 0 (0.0) 10 (19.2)
Tap 8 (22.2) 0 (0.0) 0 (0.0) 8 (18.6) 14 (32.5) 0 (0.0) 0 (0.0) 14 (26.9)
Intensity of infection: (Mild) = 1–10/HPF; (Moderate) = 11–20/HPF; (Severe) =>20/HPF.
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Water pollution in middle Delta, Egypt 785Regarding G. lamblia cyst detection, results showed that the
highest numbers of positive samples for Giardia cysts were
detected during summer and spring (22 and 20 of 27 examined
samples per season, respectively) compared to lesser numbers
of positive samples detected during winter and autumn (10
and 14 of 27 examined samples per season, respectively). Also,
regarding the results of different methods of detection, it was
noticed that flow cytometry detected the highest number of pos-
itive samples followed by immunofluorescence assay, whereas
the least number of positive cases was detected by iodine stain
(66, 53 and 43 of 108 examined samples, respectively) as shown
in Table 4 and Figs. 1 and 2.
Similarly, as regards Cryptosporidium oocyst detection,
results showed that the highest numbers of positive samples for
Cryptosporidium oocysts were detected during summer and
spring (26 and 23 of 27 examined samples per season, respec-
tively) compared to lesser numbers of positive samples detected
during winter and autumn (12 and 18 of 27 examined samples
per season, respectively). Also, regarding the different methods
of detection, it was noticed that the highest number of positive
samples was detected by flow cytometry followed by immunoflu-
orescence assay, whereas the least number of positive cases was
detected by modified Zeihl-Neelsen (79, 68 and 52 of 108
examined samples, respectively) (Table 4 and Figs. 1 and 2).
Findings of bacteriological analyses
All the 36 source water samples were positive for the presence
of E. coli, Salmonella, Shigella, and Klebsiella, whereas all
plant and tap water were negative for the presence of any
one of them.
As regards the distribution of positive samples examined
for E. coli, Salmonella, Shigella, and Klebsiella in relation to
season, geographic area, and sampling point, it was noticed
that positive samples were present in all seasons in source
water sampling points only as shown in Table 5.
As regards the distribution of intensity of positive samples
examined for E. coli, Salmonella, Shigella, and Klebsiella in
relation to season, geographic area, and sampling point, it
was noticed that samples of severe intensity were present
mainly in summer, Kafr Al-Zayat and Tanta, and in source
water sampling points only as shown in Table 6.
Toxicological assays
Table 7 shows the distribution of intensity of positive samples
examined for arsenic, cadmium, lead, and mercury in relation
to season, geographic area, and sampling point. It was
observed that samples of severe intensity were present in all
seasons and all areas in source water sampling points only.Discussion
As many governorates of Egypt depend on surface water as
the main source of drinking water, determination of the preva-
lence of water-borne protozoa in water sources is of prime
importance. In Egypt, sewage is usually subjected to minimal
treatment and is discharged into seas, rivers, lakes, and canals.
Therefore, there is a big chance of infection by Cryptosporidium,
Giardia and other protozoa. Only few sporadic studies have
A B
C D
Fig. 1 Giardia lamblia cysts: (A) by trypan blue dye (400) and (C) by immunofluorescence staining (400). Cryptosporidium spp.
oocyst (B) by trypan blue dye (1000) and (D) by immunofluorescence staining (400).
786 S.I. El-Kowrany et al.been done on different sources of water and different
governorates seem to have the same problem [15].
In our study, the high detection rates of (oo)cysts found in
Gharbiya governorate source water canals of Tanta, Mahalla
Al-Kobra, and Kafr Al-Zayat may be attributed to several
factors. One factor might be their geographic location in
the center of Nile Delta with heavy impact by human activity
as well as farm and domestic animals activity. Similarly,
Monge et al. in 1996 found that water samples gave higher
concentrations of oocysts in Central American countries than
those in the United States. They stated that this might be due
to difference in human populations and activity [16]. Another
factor would be that Cryptosporidium has several reservoir
hosts and it can be easily transferred to canal waters by ani-
mal feces. Throwing dead animals and dumping sewage into
the canal are other factors contributing to the high levels of
(oo)cysts in our water sources. This agrees with the results
reported in a research project done in Alexandria in 2000
in which (oo)cysts were also found in Mahmoudeya canal
[17].
Our findings agreed with the results of water samples exam-
ined from different water treatment plants in Cairo by Ali et al.
[18] using PCR, where Cryptosporidium was found in 50% of
samples taken from Fowa drinking water treatment plant to
100% of samples in El Nomros plant, and Giardia in 33% in
El Hawamdia to 50% in Meet Fares.
However, in Egypt, the data from different studies were
variable. For example, in Alexandria in 1993, a study, using
standard staining techniques, detected Giardia in 50% and
Cryptosporidium in 25% of tap and tank samples [19]. In
Alexandria in 2000, another study found both parasites in tank
water, Giardia in 30.5% and Cryptosporidium in 36.4% of sam-
ples [20]. In another study in Alexandria in 2006 aiming to
study cryptosporidiosis among children in urban and rural set-ting, 30 stored water samples were collected from each setting.
The source of water was variable: metallic, zir or plastic
containers. Cryptosporidium was only found in 2 samples
(6.7%) in urban area and 4 samples (13.3%) in the rural area
[17].
A few studies were published regarding the same issue in
other governorates in Egypt. Cryptosporidium oocysts were
recorded in different water sources in Gharbiya throughout
one year [15]. In Dakhahlia governorate, a study detected
the presence of Cryptosporidium and Giardia in potable
water samples in a prevalence of 3.1% and 2.1% respectively
[15].
Around the world, the results of our study agreed with
those of a study done in Argentina in 2001, which showed
the presence of Cryptosporidium oocysts in 92% of drinking
water sources and Giardia in 31% [21]. In another study in
the U.K. in 2003, Cryptosporidium in drinking water was
found in 100% of samples using PCR [22]. In a report in Sri
Lanka in 2006, drinking water sources (canals and wells) were
examined for both parasites and were found in all water
sources in high percentages [23].
Hashimoto et al. [24] found Cryptosporidium in all raw
water samples and in 35% of filtered samples, while Giardia
was found in 92% and 12% of samples, respectively during
monitoring a water plant for one year in Japan. Similarly dur-
ing collecting different water samples in Russia through 2006,
Cryptosporidium and Giardia were found in 18.1% and 9.6%
of samples, respectively [25].
In our study, for identification of both parasites several
staining techniques have been used with modified Zeihl-
Neelsen (MZN) as the gold standard stain for Cryptosporid-
ium. MZN has proven to be a fast, simple and sensitive stain
detecting all samples found positive by any other stain. It
detected 52 positive samples for Cryptosporidium out of 108
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Fig. 2 Detection of Giardia lamblia represented in the form of
gated region (collection of dots or events) in the upper left
quadrant and Cryptosporidium spp. represented in the form of
gated region (collection of dots or events) in the lower right
quadrant by flow cytometry.
Water pollution in middle Delta, Egypt 787samples in a percent of (48.15%). This was supported by
many authors whose work showed that MZN was the most
sensitive stain in diagnosing Cryptosporidium spp. in water
samples, where it was compared to other stains such as
safranin methylene blue and phenol auramine [26].
In Egypt, another study conducted to compare between
four different stains to detect Cryptosporidium (aniline carbol
methyl violet, modified Zeihl-Neelsen, safranin methylene
blue and Giemsa) and MZN showed the highest sensitivity
[27]. Chen et al. [28] recommended it as the simplest method
for diagnosing Cryptosporidium.
In our research, MZN had the advantage of detecting
other parasites as Giardia. This agreed with another study
in Alexandria in 1998, which was done to compare MZN with
monoclonal antibody to diagnose Cryptosporidium in water.
They reported that MZN also detected Giardia, Cyclospora,
and Blastocystis [29]. A study on different water supplies in
Alexandria was conducted in 2000 and the same protozoa
were also found in addition to microsporidia and Isospora
[20].
In the present study, immunofluorescence assay was also
very sensitive in detecting both parasites, and also it was easy
to perform. It showed a sensitivity of (63%) for Cryptosporid-
ium and (49.1%) for Giardia. It was better than MZN and
iodine. This agreed with many studies which proved that both
techniques were useful screening methods for identifying
Cryptosporidium oocysts. Brook et al., in 2008 proved that
MZN and fluorescent phenol auramine were effective stains
in diagnosing the oocysts in calf feces [29].
It is well known that the examination of a single slide takes
a lot of time to find a very few organisms if any. Conventional
methods were found to be a tedious, time-consuming and
unreliable means of determining the presence of (oo)cysts.
This was well documented in water samples and was a com-
pelling reason for the search for other diagnostic methods
for environmental samples. In a previous study, it was proved
that the currently available stains may fail to diagnose
Table 5 Positive samples for E. coli, Salmonella, Shigella and Klebsiella in relation to season, geographic area and sampling point.
Season Bacterial spp. Tanta (36) Mahalla Al-Kobra (36) Kafr Al-Zayat (36)
Source (12) Plant (12) Tap (12) Source (12) Plant (12) Tap (12) Source (12) Plant (12) Tap (12)
Winter (27) E. coli +ve ve ve +ve ve ve +ve ve ve
Salmonella +ve ve ve +ve ve ve +ve ve ve
Shigella +ve ve ve +ve ve ve +ve ve ve
Klebsiella +ve ve ve +ve ve ve +ve ve ve
Spring (27) E. coli +ve ve ve +ve ve ve +ve ve ve
Salmonella +ve ve ve +ve ve ve +ve ve ve
Shigella +ve ve ve +ve ve ve +ve ve ve
Klebsiella +ve ve ve +ve ve ve +ve ve ve
Summer (27) E. coli +ve ve ve +ve ve ve +ve ve ve
Salmonella +ve ve ve +ve ve ve +ve ve ve
Shigella +ve ve ve +ve ve ve +ve ve ve
Klebsiella +ve ve ve +ve ve ve +ve ve ve
Autumn (27) E. coli +ve ve ve +ve ve ve +ve ve ve
Salmonella +ve ve ve +ve ve ve +ve ve ve
Shigella +ve ve ve +ve ve ve +ve ve ve
Klebsiella +ve ve ve +ve ve ve +ve ve ve
Total (108) +ve (12) ve (0) ve (0) +ve (12) ve (0) ve (0) +ve (12) ve (0) ve (0)
+ve indicates the presence of bacterial growth, whereas ve denotes the absence of bacterial growth. Positive cases were found only in source water in all localities and in all seasons.
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Table 6 Bacterial intensity by CFU/100 mL of infection.
Season Bacterial spp. Tanta (36) Mahalla Al-Kobra (36) Kafr Al-Zayat (36)
Source (12) Plant (12) Tap (12) Source (12) Plant (12) Tap (12) Source (12) Plant (12) Tap (12)
Winter (27) E. coli 40 0 0 30 0 0 60 0 0
Salmonella 20 0 0 20 0 0 20 0 0
Shigella 20 0 0 20 0 0 20 0 0
Klebsiella 10 0 0 10 0 0 20 0 0
Spring (27) E. coli 60 0 0 50 0 0 90 0 0
Salmonella 30 0 0 20 0 0 30 0 0
Shigella 20 0 0 20 0 0 30 0 0
Klebsiella 20 0 0 10 0 0 30 0 0
Summer (27) E. coli 100 0 0 90 0 0 200 0 0
Salmonella 40 0 0 40 0 0 50 0 0
Shigella 20 0 0 20 0 0 30 0 0
Klebsiella 40 0 0 20 0 0 40 0 0
Autumn (27) E. coli 40 0 0 30 0 0 50 0 0
Salmonella 20 0 0 20 0 0 20 0 0
Shigella 20 0 0 20 0 0 20 0 0
Klebsiella 10 0 0 10 0 0 20 0 0
When drinking water is tested for total coliforms and E. coli, the water is safe to drink when it fulfills one of these formats: Absent; 0 colony forming units per 100 mL (0 CFU/100 mL); Less than 1
colony forming unit per 100 mL (<1 CFU/100 mL); Non-detect (ND). If the test results found bacteria to be present, the water is not safe to drink.
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Table 7 Distribution of intensity of positive samples examined for heavy metals in relation to season, geographic area and sampling point.
Season Heavy metal Tanta (36) Mahalla Al-Kobra (36) Kafr Al-Zayat (36)
Source (12) Plant (12) Tap (12) Source (12) Plant (12) Tap (12) Source (12) Plant (12) Tap (12)
Winter (27) Arsenic 0.010a More Less Less More Less Less More Less Less
Cadmium 0.005a More Less Less More Less Less More Less Less
Lead 0.015a More Less Less More Less Less More Less Less
Mercury (inorganic) 0.002a Less Less Less Less Less Less More Less Less
Spring (27) Arsenic 0.010a More Less Less More Less Less More Less Less
Cadmium 0.005a More Less Less More Less Less More Less Less
Lead 0.015a More Less Less More Less Less More Less Less
Mercury (inorganic) 0.002a Less Less Less Less Less Less Less Less Less
Summer (27) Arsenic 0.010a More Less Less More Less Less More Less Less
Cadmium 0.005a More Less Less More Less Less More Less Less
Lead 0.015a More Less Less More Less Less More Less Less
Mercury (inorganic) 0.002a Less Less Less More Less Less Less Less Less
Autumn (27) Arsenic 0.010a Less Less Less More Less Less More Less Less
Cadmium 0.005a Less Less Less More Less Less More Less Less
Lead 0.015a Less Less Less Less Less Less More Less Less
Mercury (inorganic) 0.002a Less Less Less More Less Less More Less Less
Units are in milligrams per liter.
a Maximum contaminant level. ‘‘More or less” denotes more or less the maximum contaminant level for each heavy metal.
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Water pollution in middle Delta, Egypt 791parasites in stool samples when they have been compared with
one another [30].
In our study, flow cytometry was used to facilitate the step
of detection. Flow cytometry detected Cryptosporidium in
73.15% and Giardia in 61.11% of samples. Flow cytometry
also proved to be a very sensitive method in detecting Cryp-
tosporidium and Giardia much more than conventional stain-
ing methods. The flow cytometric technique uses fluorescent
monoclonal antibody stains for the identification of protozoal
cells which was proved by a lot of studies to be more sensitive
than conventional stains in water. Smith et al. proved that the
monoclonal antibody stain is the best when it was compared to
different stains such as MZN, phenol auramine and safranin
methylene blue in diagnosing protozoa in environmental sam-
ples [26]. The same result was obtained in Alexandria in a
study done in 1998 when monoclonal antibodies were used.
Twenty-two samples were collected from different water
sources, such as swimming pools, tanks and canals. Seven of
them were positive by MZN while eleven were positive by
monoclonal antibody. The monoclonal antibody had a sensi-
tivity of 63.6% and specificity of 100% [20].
In the present study, the time required to prepare the sam-
ples for flow cytometry was similar to that for the microscopic
techniques but the analysis was very rapid taking only two
minutes. Moreover, there was neither ocular fatigue nor obser-
vational variations — advantages that allow more consistent
and reliable results. Whenever different percentages of positiv-
ity were obtained by stains, the positive result was always
found with flow cytometry, indicating that it is very sensitive
in recognizing samples containing smaller numbers of cysts.
Our results agreed with many authors who recommended
flow cytometry to be a routine method for identification of
these parasites in water. Vesey et al. [31] began in 1993 to eval-
uate a routine method for detection of Cryptosporidium
oocysts in water samples using flow cytometry. They intro-
duced a number of seeded samples into the device to optimize
the settings such as the laser power and the excitation and
emission waves of the used fluorochromes. Then, 156 environ-
mental samples were introduced including river, drinking and
reservoir water. Flow cytometry detected 62 positive samples
while direct fluorescent microscopy only identified four. They
confirmed the results by re-examination of the samples after
flow cytometry by fluorescent microscopy. The examination
showed that the flow cytometry had correctly identified the
parasites in the samples missed by microscopy alone.
Furthermore, flow cytometry has the advantage to give an
idea about the parasite concentration in each sample. There-
fore, the technique is increasingly applied now in water sam-
ples because of its ability to quantify the parasites [32]. The
importance of this piece of information is that the parasite
load has to reach a certain threshold to cause disease. This
threshold can be as low as 10 cysts for Giardia and 30 oocysts
for Cryptosporidium. Thus, the higher their concentration is,
the more the chance of having an outbreak. This shows the
need of routine monitoring of drinking water sources by sen-
sitive methods such as flow cytometry which can detect even
low numbers of these protozoa. This also will help in the
early detection and prevention of water-borne outbreaks. It
was found that a maximum level of three to five Giardia
cysts/100 L of water and 10–30 Cryptosporidiumoocysts/100 L should not be exceeded in drinking water.
These rules have already been applied in Canada and in Cen-
tral England [33].
One of the main concerns in our study is the high percent-
age of viable Cryptosporidium oocysts and Giardia cysts found
in water samples if even at low levels as this may lead to ende-
mic transmission of water-borne infections. This could be
explained by their high resistance to disinfection process and
their ability to persist in the environment.
The results of our work clearly demonstrate that the incor-
poration of flow cytometry improves the detection rates for
Giardia and Cryptosporidium in water samples: the flow cytom-
etry method yielded more positive samples for both protozoa.
Moreover, it is rapid, simple and accurate in estimating the
parasite load in each sample. Thus, it can be recommended
to use flow cytometry together with immunoflouresence to
detect newly emerging protozoa in water.
As regards the results of bacteriological examination, all the
36 source water samples were positive for the presence of
E. coli, Salmonella, Shigella, and Klebsiella while all samples
of plant and tap water were negative for the presence of any
of them. In other words, positive samples were present in
source water sampling points only. These results coincide with
studies done in the United States on drinking water and public
water systems during 1971–2008 [34].
Our results emphasized that microbial contaminants
remained a health-risk challenge for suppliers of drinking
water. Outbreak investigations identified the responsible etio-
logic agents and deficiencies in the treatment and distribution
of drinking water, especially the high risk associated with
unfiltered surface water systems. Surveillance information
was important in establishing an effective research program
that guided government regulations and industry actions to
improve drinking water quality. Recent surveillance statistics
suggest that prevention efforts based on these research findings
have been effective in reducing outbreak risks especially for
surface water systems [3].
Coliforms in drinking water may indicate problems with
water treatment (e.g. the system’s treatment is inadequate to
deal with source water contamination or is not performing
properly) or problems in the distribution system. The Total
Coliform Rule requires public water systems to monitor for
indicators of fecal contamination, and, when coliforms are
found, take corrective action and report violations to the state
regulatory agency and the public [35].
There is a plethora of reports of water-borne outbreaks
caused by bacterial contamination. Shigella spp., including
Shigella sonnei and Shigella flexneri, were identified as the sole
pathogens in (45%) of these outbreaks causing 9366 cases. Sal-
monella typhi was responsible for (2%) outbreaks and 270
cases. Other Salmonella spp., including Salmonella enterica ser-
ovar typhimurium, were identified in (19%) outbreaks causing
4516 cases. Campylobacter spp., primarily Campylobacter
jejuni, caused (22%) outbreaks and 5608 cases. Pathogenic E.
coli caused (9%) outbreaks. One outbreak of E. coli O6:H16
resulted in 1000 cases, and five outbreaks of E. coli O157:H7
caused 1236 cases; a serotype was not identified in one out-
break of 1400 cases. In the remaining outbreaks, more than
one bacterial pathogen was identified: C. jejuni and Yersinia
enterocolitica; C. jejuni and Plesiomonas shigelloides; E. coli
792 S.I. El-Kowrany et al.O157:H7 and C. jejuni; and E. coli O157: H7, E. coli O145 and
C. jejuni [36].
Mixed etiology was also responsible for several out-
breaks; for example, (1%) of the reported outbreaks
involved mixed agents. Non-Legionella bacteria and para-
sites were identified in four mixed-agent outbreaks:
C. jejuni, Campylobacter lari, Cryptosporidium spp. and
Helicobacter canadensis; Salmonella spp. and G. lamblia;
S. sonnei, Cryptosporidium spp., G. lamblia and Clostridium
difficile; and C. jejuni, Entamoeba spp. and G. lamblia. Two
outbreaks involved bacteria and norovirus. Norovirus gen-
ogroups I and II and C. jejuni were identified in one out-
break. Norovirus genogroup I, Campylobacter spp., and
Salmonella spp. were identified in the other. The remaining
mixed-agent outbreak involved C. jejuni, norovirus, and
G. lamblia. Mixed-agent outbreaks were most reported dur-
ing 2001–2008 [34].
Investigators identified 720 deficiencies during 1971–2008.
A single water system deficiency or source of contamination
was found in 685 outbreaks. Two deficiencies were identified
in 16 outbreaks and three deficiencies were identified in one
outbreak. In almost all (94%) of the multiple-deficiency out-
breaks, investigators found contamination from distribution
system mains, storage facilities or premise plumbing (e.g.
cross-connections or backflow) in addition to contamination
from untreated or inadequately treated water. In 30 outbreaks,
engineering and environmental information was inadequate to
identify a deficiency [37].
Metal contaminants in drinking water still represent a rele-
vant health issue in several areas of the world. In particular,
the presence of high arsenic in groundwater, usually linked
to the geological characteristics of the territory, is a challeng-
ing task for risk managers, especially when alternative sources
of water for human consumption are not available.
The concentrations of arsenic in nearly all samples taken
from source water exceeded the maximum permitted concen-
tration for drinking water quality guidelines. There is a strong
body of evidence linking arsenic intake with a variety of health
problems. Chronic effects on humans may be caused by pro-
longed consumption of water with even very low concentra-
tions [38]. This poses a threat to human health because of
the high carcinogenic effect of arsenic. Water-borne arsenic
is a major cause of morbidity and it is the only contaminant
that has been shown to cause human cancers following expo-
sure through drinking water. Moreover, arsenic is responsible
for many unfavorable health effects including hyperkeratosis
and peripheral vascular disease [39].
In our study, cadmium levels in almost all samples taken
from source water exceeded the maximum permitted concen-
tration for drinking water. Chronic cadmium exposure may
cause kidney damage, usually a tubular dysfunction associated
with reduction of glomerular filtration and stone formation.
Besides, an association between cadmium exposure and
chronic renal failure (end stage renal disease) has been shown
[40].
Similarly, lead concentrations in most water sources sam-
ples were found to be higher than the permitted maximum con-
taminant levels in drinking water quality guidelines. Children
exposed to high lead concentrations for long periods may have
behavioral disturbances along with learning, memorization,
and concentration difficulties. Lead-induced inhibition ofhemoglobin synthesis may lead to anemia. In addition, evi-
dence for renal damage has been shown in some studies [41].
Likewise, mercury levels in nearly all samples taken from
source water exceeded the maximum permitted concentration
for drinking water. Chronic exposure to mercury in drinking
water may be associated with neurological and psychological
symptoms, such as tremor, personality changes, restlessness,
anxiety, sleep disturbance, and depression. Renal, visual, and
auditory adverse effects may occur as well [42].
Heavy metals concentrations in all samples taken from
plant and tap water were less than the maximum contaminant
levels (MCL) despite the presence of these metals in most sam-
ples from source water at levels higher than MCL. This would
indicate the efficiency of water treatment and the integrity of
water pipe systems at the studied localities.
The results for metal levels in source water samples showed
variability regarding both sampling location and sampling sea-
son. The studied metals in source water samples from different
locations were above the WHO standard limits except from
Tanta, where many samples for different metals were below
the maximum contaminant level. Some samples showed lead
and/or mercury levels below the standard limits in Mahalla
Al-Kobra and Kafr Al-Zayat regions. Geographic locations
may affect the quality of water, depending on the mineral com-
positions of the soil and the presence of pollutants and heavy
metals. Also, differences in human activities including indus-
trial and agricultural activities vary according to location
and season.
The findings reported here, must be an alert to health agen-
cies concerned with safe water supply in Egypt because chronic
exposure to these heavy metals has been associated with a
range of disorders from mild to the most severe. Another con-
cern is that people living in these locations consume fish or
other products collected from rivers, and at the present time
there is no information about the level of contamination in edi-
ble tissues of these products.
The current study shows a significant degree of contamina-
tion in water sources from the studied areas in Gharbiya gov-
ernorate. This level of contamination is not constant in all
locations and might be associated with season of the year
and anthropogenic activities. The high metal concentrations
measured in this study raise concern about the health of com-
munities settled in the studied area. It is therefore warranted
that drinking water should be regularly monitored for heavy
metals in order to prevent excessive buildup of these heavy
metals in the human food chain.
To be able to set priorities, good quality data on the levels of
contaminants in water and related morbidity and mortality are
needed, although the interpretation may be complicated by the
multi-factorial nature of many diseases. Well-designed epidemi-
ological studies are also needed for some of the contaminants
such as chlorination by-products, fluoride and uranium where
information on exposure–response relationships is missing or
of insufficient quality. In other cases, toxicological studies are
also required to help to determine the potential risk.
Conclusions
Water sanitation in the middle region of the Nile Delta is far
from ideal. Biological agents especially the neglected protozoal
infections such as giardiasis and cryptosporidiosis constitute a
Water pollution in middle Delta, Egypt 793real risk factor for the populations. Further studies, better
molecular biology-based, are needed to assess the risk and
implement effective sanitation plans.
Conflict of interest
The authors have declared no conflict of interest.
Compliance with ethics requirements
This article does not contain any studies with human or animal
subjects.Acknowledgment
This research was supported by a Project No. TU 01-13-04,
fully funded by Tanta University.
References
[1] WHO. Water supply and sanitation council, global water supply
and sanitation assessment 2000 report. New York: UNICEF;
2000.
[2] Lee SH, Levy DA, Beach MJ, Calderon RL. Surveillance for
waterborne-disease outbreaks–United States, 1999–2000.
MMWR Surveill Summ 2002;22:1–47.
[3] Kirk MD, Combs B, Stafford R, Hall GV, Becker N. Food- and
waterborne disease outbreaks in Australian long-term care
facilities, 2001–2008. Foodborne Pathog Dis 2011;8:133–9.
[4] Baldursson S. Waterborne transmission of protozoan parasites:
review of worldwide outbreaks – an update 2004–2010. Water
Res 2011;45:6603–14.
[5] Nithiuthai S, Waikagul J, Gajadhar A. Waterborne zoonotic
helminthiases. Vet Parasitol 2004;126:167–93.
[6] Karanis P, Smith H. Waterborne transmission of protozoan
parasites: a worldwide review of outbreaks and lessons learnt. J
Water Health 2007;5:1–38.
[7] Savioli L, Smith H, Thompson A. Giardia and Crytosporidium
join the ‘Neglected Disease Iniative’. Trends Parasitol
2006;22:203–8.
[8] Wicke D, Cochrane TA, O’Sullivan AD. Atmospheric
deposition and storm induced runoff of heavy metals from
different impermeable urban surfaces. J Environ Monit 2012;14:
209–16.
[9] Adeyemi O, Ajayi JO, Olajuyin AM, Oloyede OB, et al.
Toxicological evaluation of the effect of water contaminated
with lead, phenol and benzene on liver, kidney and colon of
Albino rats. Food Chem Toxicol 2009;47:885–7.
[10] Assem FL, Holmes P, Levy LS. The mutagenicity and
carcinogenicity of inorganic manganese compounds: a
synthesis of the evidence. J Toxicol Environ Health B Crit Rev
2011;14:537–70.
[11] Fontaine M, Guillot E. An immunomagnetic separation-real-
time PCR method for quantification of Cryptosporidium parvum
in water samples. J Microbiol Meth 2003;54:29–36.
[12] Henriksen SA, Pohlenz JFL. Staining of Cryptosporidia by a
modified Ziehl-Neelsen technique. Acta Vet Scand 1981;22:
594–6.
[13] A 100DFK Aqua-glo G/C direct dual fluorochrome (FL/CY3).
Comprehensive kit. New Orleans, LA, USA: Waterborne Inc.
[14] Environmental Protection Agency. Drinking water, national
primary drinking water regulations, filtration, disinfection,
turbidity, Giardia lamblia, viruses, Legionella, andheterotrophic bacteria; final rule. Federal Register 1989:27486-
541.
[15] Antonios SN, Salem SA, Khalifa EA. Water pollution is a risk
factor for Cryptosporidium infection in Gharbia governorate. J
Egypt Soc Parasitol 2001;31:963–4.
[16] Monge R, Chinchilla M, Reyes L. Seasonality of parasites and
intestinal bacteria in vegetables that are consumed raw in Costa
Rica. Rev Biol Trop 1996;44:369–75.
[17] Haidar SAA, Omar EA, Sherif AR, El-Sahn AA.
Cryptosporidiosis among children living in rural and urban
settings in Alexandria. Bull HIPH 2006;36:1–18.
[18] Ali MA, Al-Herrawy AZ, El-Hawaary SE. Detection of enteric
viruses, Giardia and Cryptosporidium in two different types of
drinking water treatment facilities. Water Res 2004;38:3931–9.
[19] Abdel Rahman RH. Occurrence of Cryptosporidium parvum and
Giardia lamblia in some water bodies and sources in Alexandria
city. Master Degree. High Institute of Public Health. Alexandria
University; 1993.
[20] WHO Project TSA 99/53 and Parasitol. Dep., Fac. Med.
Parasitological agents in public water supplies in Alexandria.
2000.
[21] Abramovich BL, Gilli MI, Haye MA, Carrera E, Lura´ MC,
Nepote A, Go´mez PA, Vaira S, Contini L. Cryptosporidium and
Giardia in surface water. Rev Argent Microbiol 2001;33:167–76.
[22] Nichols RAB, Campbell BM, Smith HV. Identification of
Cryptosporidium spp. oocysts in United Kingdom
noncarbonated natural mineral waters and drinking waters by
using a modified nested PCR-restriction fragment length
polymorphism assay. Appl Environ Microbiol 2003;69:4183–9.
[23] Shortt RL, Boelee E, Matsuno Y, Madramootoo C, van der
Hoek W, Faubert G. Cryptosporidium and Giardia as
determinants for selection of an appropriate source of drinking
water in southern Sri Lanka. J Health Popul Nutr 2006;24:
64–70.
[24] Hashimoto A, Kunikane S, Hirata T. Prevalence of
Cryptosporidium oocysts and Giardia cysts in the drinking
water supply in Japan. Water Res 2002;36:519–26.
[25] Karanis P, Sotiriadou I, Kartashev V, Kourenti C, Tsvetkova N,
Stojanova K. Occurrence of Giardia and Cryptosporidium in
water supplies of Russia and Bulgaria. Environ Res
2006;102:260–71.
[26] Smith HV, McDiarmid A, Smith AL, Hinson AR, Gilmour RA.
An analysis of staining methods for the detection of
Cryptosporidium spp. oocysts in water related samples.
Parasitology 1989;99:323–7.
[27] El Sherbini GT, Mohammed KA. Zoonotic cryptosporidiosis in
man and animal on farms, Giza governorate, Egypt. J Egypt Soc
Parasitol 2006;36:49–58.
[28] Chen XM, Keithly JS, Paya CV, LaRusso NF.
Cryptosporidiosis. N Engl J Med 2002;346:1723–31.
[29] Brook EJ, Christley RM, French NP, Hart CA. Detection of
Cryptosporidium in fresh and frozen cattle feaces: comparison of
three methods. Lett Appl Microbiol 2008;46:26–31.
[30] Rodriguez-Hernandez J, Canut-Blasco A, Ledesma Garcia M,
Martin-Sanchez M. Cryptosporidium oocysts in water for
human consumption. Comparison of staining methods. Eur J
Epid 1994;10:215–8.
[31] Vesey G, Slade JS, Byrne M, Shepherd K, Dennis PJ, Fricker
CR. Routine monitoring of Cryptosporidium oocyst in water
using flow cytometry. J Appl Bacteriol 1993;75:87–90.
[32] Weber R, Bryan RT, Bishop HS, Wahlquist SP, Sullivan JJ,
Juranek DD. Threshold of detection of Cryptosporidium
oocysts in human stool specimens: evidence of low threshold
sensitivity of current diagnostic methods. J Clin Microbiol
1991;29:1323–7.
[33] Hsu BM, Wu NM, Jang HD, Shih FC, Wan MT, Kung CM.
Using flow cytometry to quantify the Giardia cysts and
794 S.I. El-Kowrany et al.Cryptosporidium oocysts in water samples. Environ Monit
Assess 2005;104:155–62.
[34] Craun GF. The importance of waterborne disease outbreak
surveillance in the United States. Ann Ist Super Sanita 2012;48:
447–59.
[35] Gruber JS, Ercumen A, Colford JM. Coliform bacteria as
indicators of diarrheal risk in household drinking
water: systematic review and meta-analysis. PLoS One 2014;9
(9):e107429. http://dx.doi.org/10.1371/journal.pone.0107429,
eCollection 2014.
[36] Environmental Protection Agency. Fiscal year 2010 drinking
water and ground water statistics. Washington: Office of
Ground Water and Drinking Water; (EPA 817K11001); 2012.
[37] Environmental Protection Agency. National primary drinking
water regulations: revisions to the total coliform rule. Federal
Register; 75 FR 40926-1016; 2010.[38] Diagomanolin V, Farhang M, Ghazi-Khansari M, Jafarzadeh
N. Heavy metals (Ni, Cr, Cu) in the Karoon waterway river,
Iran. Toxicol Lett 2004;151:63–8.
[39] Fawell J, Nieuwenhuijsen MJ. Contaminants in drinking water.
Br Med Bull 2003;68:199–208.
[40] Christophoridis C, Dedepsidis D, Fytianos K. Occurrence and
distribution of selected heavy metals in the surface sediments of
Thermaikos Gulf, N. Greece. Assessment using pollution
indicators. J Hazard Mater 2009;168:1082–91.
[41] Aydin ME, Ozcan S, Beduk F, Tor A. Levels of organochlorine
pesticides and heavy metals in surface waters of Konya closed
basin, Turkey. Sci World J. 2013;2013 849716.
[42] Ja¨rup L. Hazards of heavy metal contamination. Br Med Bull
2003;2003(68):167–82.
